SPECIFICATION 



TO ALL WHOM IT MAY . CONCERN : 

BE IT KNOWN THAT WE , KAZUHIRO ANDO , a citizen 
of Japan residing at Saitama, Japan, YOSHIKAZU INOUE, 
a citizen of Japan residing at Kanagawa , Japan, MOTOYA 
SANO, a citizen of Japan residing at Tokyo, Japan, 
HIROSHI FUKANO, a citizen of Japan residing at Chiba , 
Japan, WATARU NARA, a citizen of Japan residing at 
Kanagawa, Japan and AKIRA OHTA, a citizen of Japan 
residing in Japan have invented certain new and useful 
improvements in 

LIGHTING DEVICE AND IMAGE SENSOR USING THE SAME 

of which the following is a specification:- 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention generally relates to 
lighting devices and image sensors , and more 
particularly to a lighting device for an image sensor 
employed in an original reading device and an image 
sensor using the same. 

2 . Description of the Related Art 

Image forming apparatuses that can read an 
original, such as copiers, facsimile machines, and 
scanners, employ a lighting device including a light 
source for reading. 

Some lighting devices include, as an image 
sensor, a line sensor provided with a light source 
such as a fluorescent lamp or a halogen lamp running 
parallel to the main scanning direction of an 
original . 

In a reading device employed in image 
forming apparatuses, the relationship between 
electric potential contrast (illuminance) on its 
latent image carrier and the amount of toner attached 
thereto is represented by the gamma characteristic, 
which affects the difference in density between an 
original and its copy. In the gamma characteristic, 
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unevenness in illuminance also causes unevenness in 
the amount of toner attached, thereby adversely 
affecting the sharpness of the copied image. In 
order to solve this problem, Japanese Laid-Open 
5 Patent Applications No. 5-199366 and No. 7-31*9082 

have proposed configurations for reducing unevenness 
in illuminance in a lighting device employed in a 
reading device. 

According to the disclosure of each of the 

10 above-described patent applications, an auxiliary 
reflector for directing illuminating light emitted 
from a light source is provided in a position 
opposite the light source, and a shield member is 
provided between the light source and the surface of 

15 an original so that the quantity of light is 

uniformly distributed in the main scanning direction. 

Normally, an original to be illuminated is 
scanned by receiving illuminating light from a 
lighting device while being kept flat on an original 

20 placement face. However, such originals as are 

undulated by wrinkles or stepped are also subjected 
to scanning. 

Generally, in the case of illuminating a 
wrinkled or stepped original with only illuminating 

25 light from a light source, shade may be formed in the 



illuminated part of the original due to the 
singularity of the light source. As a result of the 
existence of the shade, information different from 
the actual original information is obtained as read 
5 information. In order to eliminate this disadvantage, 
two configurations have been proposed. That is, a 
plurality of light sources are provided, or an 
auxiliary reflector is provided as disclosed in the 
above-mentioned patent applications . 

10 Of these two configurations/ the latter is 

preferable to the former because the former has a 
disadvantage of requiring a space for the light 
sources to occupy in an apparatus in which the light 
sources are provided, which increases the apparatus 

15 in size. The latter, however, has the following new 
problem . 

In the case of providing the auxiliary 
reflector, unevenness in lighting can be reduced by 
combining light emitted from a light source to 

20 directly illuminate the surface of an original with 
auxiliary light reflected back from the auxiliary 
reflector. However, the direct light from the light 
source and the auxiliary light from the auxiliary 
reflector are not balanced in quantity. Particularly, 

25 the auxiliary light is less in quantity than the 
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direct light. Therefore, in the case of scanning a 
wrinkled or stepped original, the shade generated 
therein may not be eliminated depending on the 
intensity of the direct light. Further, in- the case 
5 of providing the auxiliary reflector, it may be 
difficult to adjust its strength of reflection 
depending on the setting of its arrangement, thus 
making it difficult to obtain a balance in the 
quantities of light required for eliminating the 
10 shade. 



SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the 
present invention to provide a lighting device in 
15 which the above-described disadvantage is eliminated, 
and an image sensor including the same. 

A more specific object of the present 
invention is to provide a lighting device capable of 
eliminating shade generated in an original by 
20 appropriately setting a balance in the quantity of 
light between direct light from a light source and 
light reflected from an auxiliary reflector. 

The above objects of the present invention 
are achieved by a lighting device including: a light 
25 source that illuminates an object of illumination; a 



reflecting member provided opposite the light source 
so as to direct a first part of illuminating light 
emitted therefrom to the object of illumination; and 
a light-blocking member provided between the light 
source and the object of illumination and between the 
reflecting member and the object of illumination so 
as to block the first directed part of the 
illuminating light and a second part of the 
illuminating light which second part directly 
illuminates the object of illumination with a certain 
ratio of a light-blocking rate for the first directed 
part of the illuminating light to a light-blocking 
rate for the second directly illuminating part of the 
illuminating light . 

According to the above-described lighting 
device, the illuminating light emitted from the light 
source directly onto the object of illumination and 
the illuminating light reflected from the reflecting 
member to the object of illumination are blocked with 
a certain ratio being set between a light-blocking 
rate for the direct illuminating light and a light- 
blocking rate for the reflected illuminating light. 
Therefore, such imbalance in the quantity of light 
that the quantity of the reflected light is less than 
the quantity of the direct light can be prevented. 
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The above objects of the present invention 
are also achieved by an image sensor including a 
lighting device according to the present invention, a 
light-receiving element receiving light reflected 
5 from the object of illumination, and a focusing lens 
condensing the light received from the object of 
illumination toward the light-receiving element. 

According to the above-described image 
sensor, the imbalance in quantity between the direct 
10 illuminating light from the light source and the 
illuminating light reflected from the reflecting 
member can be eliminated. Therefore, it can be 
ensured that the generation of shade is prevented in 
scanning a wrinkled or stepped object of illumination. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of 
the present invention will become more apparent from 
the following detailed description when read in 
20 conjunction with the accompanying drawings, in which: 
FIG. 1 is a sectional view of part of a 
lighting device according to an embodiment of the 
present invention ; 

FIG. 2 is a diagram for illustrating a first 
25 variation of a reflecting member of the lighting 
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device according to the embodiment of the present 
invention ; 

FIG. 3 is a diagram for illustrating a 
second variation of the reflecting member of the 
5 lighting device according to the embodiment of the 
present invention ; 

FIG. 4 is a diagram for illustrating a third 
variation of the reflecting member of the lighting 
device according to the embodiment of the present 
.10 invention; and 

FIG. 5 is a diagram for illustrating a 
fourth variation of the reflecting member of the 
lighting device according to the embodiment of the 
present invention . 

15 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A description is given below, with reference 
to the accompanying drawings, of an embodiment of the 
present invention . 

20 FIG. 1 is a sectional view of part of a 

lighting device according to the embodiment of the 
present invention. Referring to FIG. 1, the lighting 
device is incorporated in the housing unit of an 
image sensor 1 including a light-receiving part. In 

25 the following description, the housing unit is 



referred to as the image sensor 1 for convenience of 
description . 

The image sensor 1 includes a light source 2, 
light-transmitting material ( 1 ight- transmitting 
member) 3 that transmits light, a reflecting member 4, 
a focusing optical transmitter 5, and a light- 
receiving element 6. 

A linear light source such as a halogen lamp 
or a fluorescent lamp is employed as the light source 
2. A transparent body such as glass is used as the 
light-transmitting material 3. An original 100, 
which is an object of illumination, can be placed on 
the upper surface of the light-transmitting material 
3 . 

According to the configuration of FIG. 1, a 
rotatable transportation roller 7 is provided on the 
upper surface of the light-transmitting material 3 so 
that the original 100 can be transported on the 
light-transmitting material 3 . 

The reflecting member 4 includes a 
reflecting surface 41 that reflects light emitted 
from the light source 2 toward the original 100. The 
reflecting member 4 is provided so that the 
reflecting surface 41 opposes the light source 2 in a 
position closer to the I ight- transmitting material 3 
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than the light source 2 is, that is, in a position 
where the distance Di between the reflecting surface 
41 of the reflecting member 4 and the original 100 
can be smaller than the distance D2 between a light 
5 emitting part 21 of the light source 2 and the 
original 100. The reflecting surface 41 of the 
reflecting member 4 is formed at such an angle as to 
direct the illuminating light emitted from the light 
source toward a position to be illuminated on the 

10 original 100. According to the configuration of FIG. 
1, the reflecting member 4 is a resin molded product 
formed by injection molding and subjected to aluminum 
vapor deposition so that the reflectance of its 
reflecting surface 41 is set to 85 % or more. 

15 According to the configuration of FIG. 1, 

the reflecting member 4 is positioned so as not to 
obstruct the optical path of the reflected light from 
the original 100 with the reflecting surface 41 being 
positioned between the light-transmitting material 3 

20 and the focusing optical transmitter 5 so as to be 

closer to the light-transmitting material 3 than the 
light emitting part 21 of the light source 2 is so 
that the intensity of the reflected light from the 
reflecting surface 41 can be increased as much as 

25 possible. According to this configuration, the 
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reflecting member 4 is positioned close to the light- 
transmitting material 3. Therefore, the height of 
the entire unit including the reflecting member 4 can 
be reduced, so that the image sensor 1 can be reduced 
in size . 

The focusing optical transmitter 5 is an 
optical lens that condenses the reflected light from 
the original 100 toward the light-receiving element 6. 

The light-receiving element 6 is a 
photoelectric conversion element provided on an 
electric circuit board 8 attached to the bottom part 
of the image sensor 1 . 

Light-blocking (shading) members 9 and 9' 
are provided to the light-transmitting material 3. 
According to the configuration of FIG. 1, the light- 
blocking member 9 is provided between the lower 
surface of the light-transmitting material 3 and the 
reflecting member 4, and the light-blocking member 9' 
is provided between the lower surface of the light- 
transmitting material 3 and the light source 2. 

The light-blocking members 9 and 9' are 
formed of black print parts provided in the positions 
corresponding to the spaces between the light- 
transmitting material 3 and the reflecting member 4 
and between the light-transmitting material 3 and the 
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light source 2, respectively. The light-blocking 
members 9 and 9' are held on the lower surface of the 
light-transmitting material 3 as its parts. 

The light-blocking members 9 and 9' are 
5 provided opposite each other so that the optical 

paths of the illuminating light from the light source 
2, the illuminating light from the reflecting member 
4, and the reflected light from the original 100 are 
formed in the space between the light-blocking 

10 members 9 and 9'. 

The light-blocking members 9 and 9 ' are 
positioned across the optical path of the reflected 
light from the original 100 from each other so that 
the light directly emitted onto the original 100 from 

15 the light source 2 and the light emitted onto the 

original 100 via the reflecting member 4 are balanced 
in the quantity of light. 

In other words, the light-blocking member 9 f 
is positioned so as to be able to approximate the 

20 quantity of the direct illuminating light from the 

light source 2 to the original 100 to the quantity of 
the illuminating light from the reflecting member 4 
to the original 100 by controlling the quantity of 
the direct illuminating light from the light source 2. 

25 As a result, a certain ratio is set between a shading 
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(light-blocking) rate for the direct light from the 
light source 2 and a shading rate for the reflected 
light from the reflecting member 4 with the degree of 
shading for the direct light from the light source 2 
being higher than the degree of shading for the 
reflected light from the reflecting member 4. 

According to the above-described 
configuration, different shading rates can be set for 
the direct light from the light source 2 and the 
light reflected from the reflecting member 4 to the 
original 100 positioned on the light-transmitting 
material 3. Accordingly, by increasing the shading 
rate for the direct light from the light source 2, 
the direct light from the light source 2 and the 
light reflected from the reflecting member 4 can be 
balanced in quantity. As a result, the direct light 
from the light source 2 is prevented from being 
stronger than the light reflected from the reflecting 
member 4 so as to avoid creating the same situation 
as in the case of using only the direct light from 
the light source 2. Consequently, the generation of 
shade on the original 100 can be prevented. 

Particularly, when the .surface of the 
original 100 is wrinkled or stepped, the same result 
as described above can be obtained by establishing 
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balance in the quantities of light without using a 
plurality of light sources. 

The light^blocking members 9 and 9' may only 
be required to have such a configuration as to obtain 
5 a shading function. Therefore, when the light- 
blocking members 9 and 9' are formed integrally with 
the light-transmitting material 3, the light-blocking 
members 9 and 9' may be formed by performing, instead 
of the above-described processing for light blocking, 

10 or not transmitting light, surface processing for 
scattering the illuminating light so that the 
scattered light does not enter the optical paths of 
the illuminating light and the light reflected from 
the original 100. 

15 According to this embodiment, the shading 

members 9 and 9' are provided to the lower surface of 
the light-transmitting material 3 by printing. 
Therefore, it is not necessary to form the shading 
members 9 and 9' as special members to be attached, 

20 and the shading members 9 and 9' can be formed by 
simple processing such as coloring without an 
increase in cost at the time of forming the light- 
transmitting material 3 . 

Instead of being formed integrally with the 

25 light-transmitting material 3 by performing the 
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above-descr ibed printing or surface processing on the 
1 ight- transmitting material 3 itself, the light- 
blocking members 9 and 9' may be formed as members 
separate from the light-transmitting material 3 and 
5 provided thereto. In this case, the light-blocking 
members 9 and 9' may be formed of film-like thin 
strips, and applied to the light-transmitting 
material 3 as a sandwich structure between the light- 
transmitting material 3 and the remaining parts of 

10 the image sensor 1. Thereby, the light-blocking 

members 9 and 9' may be provided, incorporated in the 
light-transmitting material 3. 

Since the light-blocking members 9 and 9' 
are provided to the light-transmitting material 3 as 

15 part thereof, there is no need to enlarge a space for 
the light-blocking members 9 and 9'. Therefore, the 
height of (the entire housing unit of) the image 
sensor 1 can be reduced. Further, since the light- 
blocking members 9 and 9 ' are incorporated in the 

20 light-transmitting material 3, it is possible to 

manufacture the light-blocking members 9 and 9' in 
the process of manufacturing the light-transmitting 
material 3. Therefore, the manufacturing method of 
the lighting device can be simplified. Further, 

25 since the light-blocking members 9 and 9' are 
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positioned on the 1 ight- transmitting material 3 that 
the illuminating light directly enters, the light- 
blocking members 9 and 9' can be positioned with 
accuracy with respect to the original 100 so that the 
light-blocking positions can be determined with 
accuracy with respect to the original 100. 

The paired light-blocking members 9 and 9' 
shown in FIG. 1 may be replaced by a single thin film 
in which an aperture for light paths is formed. The 
light-blocking members 9 and 9' may also be formed 
integrally with the light- transmitting material 3 so 
as to have an aperture formed thereon by performing 
printing or surface processing on the light- 
transmitting material 3 . 

The reflecting member 4 is not limited to a 
molded component. FIGS. 2 through 5 show variations 
of the reflecting member 4 according to this 
embodiment. In FIGS. 2 through 5, the same elements 
as those of FIG. 1 are referred to by the same 
numerals . 

FIG. 2 is a diagram for illustrating a 
reflecting member 4a that is a first variation of the 
reflecting member 4. Referring to FIG. 2, a 
reflecting surface 41a of the reflecting member 4a is 
formed by applying a reflector tape 10 formed by 
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performing aluminum vapor deposition on a base 
material . 

FIG. 3 is a diagram for illustrating a 
reflecting member 4b that is a second variation of 
5 the reflecting member 4. Referring to FIG. 3, the 
reflecting member 4b is formed of a sheet metal 
member having a surface plated with a reflecting 
material. The sheet metal member is bent so as to 
form a reflecting surface 41b of the reflecting 
10 member 4b. 

FIG. 4 is a diagram for illustrating a 
reflecting member 4c that is a third variation of the 
reflecting member 4. Referring to FIG. 4, the 
reflecting member 4c is formed of an unplated sheet 
15 metal member having a bent part. The reflector tape 
10 shown in FIG. 2 is applied to the bent part so as 
to form a reflecting surface 41c of the reflecting 
member 4c. 

FIG. 5 is a diagram for illustrating a 
20 reflecting member 4d that is a fourth variation of 
the reflecting member 4. Referring to FIG. 5, the 
reflecting member 4d is formed of the reflector tape 
10 shown in FIG. 2. The reflector tape 10 is applied 
to part of the housing unit of the image sensor 1 
25 including a bent surface so that the bent part of the 



reflector tape 10 forms a reflecting surface 41d of 
the reflecting member 4d. 

According to the configuration of FIG. 1, 
the light source 2 emits illuminating light in the 
5 upward direction. According to the present invention, 
however, the direction in which the light source 2 
emits light can be determined based on the setting 
conditions of the image sensor 1 or the scanning 
position of the original 100. For instance, if the 

10 original 100 is positioned below the light source 2, 
the light-emitting direction of the light source 2 
can be adjusted to the downward direction in 
accordance with the position of the original 100. 
Such a layout or configuration may be realized easily 

15 by, for instance, turning the configuration of FIG. 1 
upside down. 

The present invention is not limited to the 
specifically disclosed embodiment, and variations and 
modifications may be made without departing from the 

20 scope of the present invention. 

The present application is based on Japanese 
priority application No. 2002-201747, filed on July 
10, 2002, the entire contents of which are hereby 
incorporated by reference. 



